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Abstra ct
Fo rLs eeking the o rlgl n Or W ater a nd 也e hydr ologlC Cycle, w eil-V e Stlgated tl-e m ajo riol-
c o nc entratio n orinland w aters山 alda r o u nd de s ertar e ain X irljia ng, N W C hin a. Co nc eltratio n s ofa
sll O rt-liv edr adio a cti v eis otope, tritiu m, tw o stableis otope spe cies, o xygel -18arid de uteriulTIa) , a nd
is otoplC C O mPO SidorlS
‾
orstr o ndu m a re als o mea s u red･ The chemic al a nd is otopIC CO mPOSitiol- Ofthe
w ate rsfr o mthese area sha v e r egion'd char a cte ristics which m e anthatdl egqOloglCal featur e or their
w ater-he adand drain age ar ea s c o lltr Othe chemistryofinla nd w ater s.
Hydr oge n a nd o xygel is otope c ompositlOl-S Sho w thatriv er w aters a re･n otdire cdyrecharged by
rain w ater
,
butby glacier al-d/o rfr o z erlgro und m elt, ther efore the s e as o n alV riatio n ofis otopIC
c ompo sitio n sis 1-Ot SO co n spic u o us aSthato[precIPltatio n･ The re s ults oftritiu m c o n ce nb
･
ado r1 0r
w ate rs als o sLlgge St thatgla cie r a nd/orrroz el-gr O し1nd m elt ar eimpo r叫 s oLlr Ce Or W ate rno w Ofthe
basin sin Xilljiとulg.
Introdu ctioll
T hedes ertare airlXinjia nglS m ostlylocatedininla nd ba sin s such asTan m Ba sin, Zhu nga rBasin
alld Turpa nBa sin･ Annu alprecIPltati0.- rate atde s e rta re ais s m all, therefore pre cIPltado na ndglacier
dis ch<v ge at the s u rrounding m o untain a rea s are major W ater SO ur C eSfortheba sin s. Surfac emo w s,
a s w eu a s subsur ac e o n es fr o m m o ul-fain r 皿geS, im gate o BLS eSdistributing ar o u nd the des e rt
perlPll ery, a ndgo ulde rgr o しI nd il一tll ede sertarea.
Ge o che mic al stし1die s or w ate rglVe impo rtal-tinL
l
o r matio nFo r abetter ul-der stallding of 山e
influen c eo[ge ological and clim adc co nditio 1-tO ahydr ologlC System . Fr om 1990to 1994w e
in v e stigatedthe de sert are ain Xinjialg, N W Chin a and c ole cted inlarld w ater sEqTIPle s, including
ril′er W ate rs
,
lake w aters
, gr o ulld w ate rs(O kada a nd YabLlki, 1991;Okada et al. , 192, 1994a,
1994b, 1995). Il一thispaper w e r e view 山e re s Lllts ofm ajorio n chemistry ofinla nd w aters ulder arid
c orldido l-I Is otopIC CO mPO SitIOn S Of stromium , co nce ntratio n Or a Sl- ortllived radioactiveis otope,
tribu m a ndtw o stableis otopespecies, o xygen -18a nd de uten um (D)oL
-
the w ate r s a mple s, a redso
r eported alld dis cu ssed(Yabukietal. , 1993;Yabukietal. , 1996a;Yabukietal. , 199 6b).
Geograpl-icalre atし1re SOf
‾
inve stlgatedar e as
l･ Tarim Basil-is tl-e Iargest en c)o sed interior ba sillin C hina, surro Llnded by w o rld-ratm o u shigh
allilude ril=ge s∴l
l
ii1.-ShEll-, Pa】1-ir, I(Lultし1n Llnd Ariin M ountains. So me ortllePe aks r e ach higher thal1
70O().-- itho v es eitJevel･ OIly Lhe .-o rthcと1-” O[ ul CbilSi■-is ope n ed a■-d lcとIds to tl-elie xi Co rriJo r･
Ga n suPro vin ce, bしltn Oriv e r co m e so utfr om tl-ebasin･ Taklim akalll he rいhela rgest s ald de s e rtin
1 223-
C hirla, O c c upies m o stPa rtOrtheBasin･ Annu alprecIPltation at the c entral des ert are aisle s sdla n10
ITl m and aro ulldde s ertperlpheryis 60to 80皿 m 皿d e v apor atio n rateis 2000to 3 000. The basin
slope sfro m s o uthw e st to n ortheast tothelo w e stpoint, 1･opNU T. Riv e rsfr o m s u rr o u nding m o u ntain
r a nges, s u ch asA ke s uRiv er, Ka shigarRIV er, Yer che ng Riv er, Hetian River alld Keliya River,
fin allyjoln tO Tarim Riv e r, thelargestriv erin Ta rim Ba sin whichr u n sfr o mdle W e st tO 山e e ast.
Tarim riv e r as w ellasKo ngqu eRiv er ate aster npa rt a nd C he rcherlRIV er atdle S O uth
- e a ste rll Part
be c o m es u ndergr o u ndstre a mtow ardthelo w e stpoint, I･ opNu r.
2･ Z hu nga rBa sinin rl Orthe mXirljianglS S urrounded t)yTianshan and Altay ”) u ntain s.
ofthebasinis o c cypiedbyGu rba nterlg gutnさS er , the s ec orld largestsand de s ertin C hin a.
is open edto w ardthe n o rdl- W est, a nd m oistcurre nts c om efr o mthis dire ction . T he ref
-
o re
orZhtlnga rBasil-is reladvely m oderate co mparl-g lVitll O山e rde s ertar e a sin X injia ng.
pre cIPltatioll am o u ntstO20 0m m at the n o rthe rnf
l
o otor Tian shan Mo u ntain s and 100m m
des ertar e a.
The c e nte r
Tlebasin
tll eClilllate
Tle alll ual
e v e ninthe
3. Turpa nBasin c o rlStitutes a ninte r m o nta n eba sin fo u nd within the e aster nTian shan Mo u ntaill
Ra nges･ T he n o rth ofthe basinis Ra nked by ML Bogeda with 5445m height. H u oya n shan
Mau l-tain s at the n ordler nPa rt Ofthe ba sin divide ぬe ba sininto tw opa rts･ Thelo w est ar e aorthe
basinis AidinghuI一血e which lo c ated s o uthe r npartofthebasin with-154 m below s e ale v el.
Tu rpa nBasiniskn o w n as o n erthe m o stdrieda nd high-tem per atu r e r egl O nin C hin a, with le s sthan
20 m m of an n u alpr e clpltatio n a nd 300 0m m e v aporado n･ T he m elted s n o w a ndgla cier w ater at tlle
m ountain regi o n a ndpr e cIPltadorl ru Shed o utfro mthe o udet orthe m ou ntain ∇alley, the ndis appe ar
intodes e rt
,
therefo re
,
itform edthe aquifersthatrich indyn amic sto r age ofgr o u nd w ater.
Sa mple s
W ater s a mplesincludingO v erw ate rs, gro u nd w aters, s oilw ate rs arld lake w ate rs a re c olle cted by
thefieldin v e shgabo n s e xec uted every ye arin Octoberfr om 1990to 19941 Sa mplingloc ado n m aps
ar e sho w ninFigL IL As s a mplingar ea c o v erswide r ange, w edivide s a mplinga r e a s a sfollo w s :
1･ No rthe m a nde a ste mparts of Ta rim Basin:IndudingAke s u, K u che, Lu ntal a nd Ku e rla a nd Yuli,
Tiegal-like arid Alaga n･ The are ais co n sist or仙vial ra ns a nd allu vial-flu vialplain s of s o uthe mfo ot
of Tial-Shむ- M o u ntains
･ riv erbasin s o[Tarim Ri心er, KongqueRiv er andBo sitenghuI-Eke.
2L SoLLthe m part or Tarim 】∃asin : No rtherl= 0 0t Or Arjin mountai ns and Ku nlurl I 血urltaillS,
Ru oqiang, qem o･ M lfeng, Yudan a nd He6a n, including riverba sin of C he rche n Riv er, Keliya
Riv e r a ndHetian Riv e r.
31 W estem and s outh- w e ster npa rts or Tarim Basin:So called Kashigar Delta betw e e nSo uth
Tia n sha n M o untain s and West Kunlu n Mo untain s･ in cluding Yer che nRiv e r and Kashigar Riv e r
basin s.
4･ Pamir:T hePa mirPlateau･lo c ated inthe w estem partofTarl mBa sin,is 4000m highto na verage･
So m epeaks a rehighertha n7 0 0m abo v e s eale v el.
5･ So u廿ト W eSte mPartOrZ hu ngarBa sin
6･ Tu rpa nBa sin
An alysュs
l･ Te mper atu re, pH a nd ele ctric co ndu ctivl(y ol
'
the s a mple s a re m eas u red atS a mpling sites with
po rtablepH a nd S Cm eters･ HC O3 a nd C O3 C Ontentaredete minedbydtr atio n.
九勾o r catio n s･ K , Na･ Ca a nd Mga nd Str o ndu m co n c e ntr ado n a redete min ed by in du ctiv elyc o upled
plas m a spe ctro m eter(Japan Ja rr ell- As h, I C A P-575 II). Anions s uch a s Cl, S O4 a nd N (兎are
m e a s ur ed u singiorlChrom atogr aphy(S him adz u, HIC-6 A). ＼
2･ Tridu m c o n c e ntra(ion :T he m 組Sur e mel-Ls ofてtritiu m c o n c entradol- ar eCar ried o ut usl ngliquid
s cil一也llation col.1-ter(Packard･ TRl- C A R B 2260)L Iktectio l= imitis O･2 Bq/L(50ml w ater, 2 000
min ute s).
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31 Hydrogen a nd o 又ygel-is otopes二Fo r measu r errlerltS Or de uteriu m a nd o xygel-is otope co mpo sition,
w aters別 nPles arede c oITIPOSedirltO hydrogel- al-d o xyge nga s es ･ Hydr oge ngas c at-be colle cted by
w ate r- m etal zinc rea ctio n at42 0
く
c for 6 ho ur
.
s･ In the cas eofo xygen･ isotope e x cha nge betw een
w ater and carbo ndio xideis us ed, Prepar edga ssa mple sa re all叫′zed by Nieltype do ubleinlet m as
spe ctro m et r(Finigal-MatIおIta-E)･ Me as u redv a7u es 打e e xpre s s ed asav alLLe, pe rmit deviatiolI
-
ro m
a refe re n c e, defin ed bytherollo w l ngl
l
o r m ula
8 = 103(R - Ro)/Ro(‰)
Here R a nd Ro a reis otoper<do s orthe sa mple al-dthe starldard, re spe ctiv ely･
41 Str o ntiu m is otopLC C O r nPO Sitio n :Filtered w ater s aJrlPle s ar edirectly pas sed dlrO ugh a c ation
ex cha nge r e sin(A G 5 0 W- X 8 Resill, Bio- Rad)c olu m nin H Clm ediato s eparate str olltiu mfr o mother
l叩70 r ele m e nts･ Theis otopICco mpo sitio n o[ Sr w asdete r min ed by u slng athe n n al io niz atio n mass
spectro m ete r(V GEle m ental V G 54)I
Results alld dis c u s sio n
1. Clel-1ic altype s orinlalld w aters
Ac c o rdillgtO Piper(194), chemic altype or w ate rG al-beplotted o ntri-lin e ardiagram asthefu ncdo n
ofm ajor c ado n(Ca- Mg-(Na ＋K))and m ajoranio n(H C(お
- Cl-S od)c on c e ntr atio n a s show
.
n o nFig･21
PiperdiagratTlis usefultodis cus sthe environm entalc ondibo n and che mic alchar a cteristic s Or W ater
sa mple s. W ate rbelorlgS tO the ar e alis(Ca- H C O3)type, hv er w ater and sh allo w gr o uld w ater
belongtotllis c atego ry. AreaIIis Na
- H CO3type,Fre shgr o u nd w ate rs u s uallysho wthistype･ Are a
王IIisCa-S O4 0 rMg-S O4ty peOrthe w aters ullder specidgeologl Calenviron me nt, W ater sbelo ngto
TypeI V, Na -S O4 and Na- Cltypeis s aline water ･
Fig.2 A Watersfr o mZlungar】〕asin, a nd A ke s uRiv e rbelongto Ca- H C O3 type WhileTa rim Riv e r
belo ngto Na-Cltype. T he re s ults s ugge s=hatTarim Riv e ris str o nglyafe cted bys alin e s oil o[riv e r
dr如age. BositenghLILilke a nd Ko ngqu eRive r Show Na-S oヰ. but w ate rsI
-
T o mlo w er reache s-desert
are由sho wNa- Cltype.
Fig･ 2B Waters Fr om southern part or Tarim Basin belol-gtO Na
- Cltype, n ot o rly des ert ar eabし1t
als o gr oLlnd w aters ald riv er w aters ofKullun Mo u ntain ar e a. Itis s uggested that s altlayeril一
Ku nlu nMo u ntain spr o vide Na a nd Cl io n sto w ater systetn s. W atersfr o mPamir belo ngto Ca
-
H C(おty pe.
Fig. 2 Cald 2 D･ InTu rpan Basin, m o stofw ate r c olleSI
-
r om Bogeda 如bulltain s. Wate rsbelolgtO
T 血shan MD ulltaLrlS Sho wCa-H C(力 at upper r e a che s a nd aftertheypa s s ed Hu oya n sha n Mo untains
theycha nge しhcir cllelnic altypelo N a-S O斗be c a u s eol
.
s odiu m sulfate el riched layeril一HuoyarlSllaLI
M o u ntain s･ W ate rsfr o mdes erta re a sho w Na- Cltype. Kar e zis a m ethodto exploita nd utilize the
gro ulld w aterin a ridreglO n･ T hr o ughthe s ubs u rfa ce tu n rlels, the gr o undw ater c o uld 主lo w o utits elf
tothegr o u ndsur[a c e･ Ka rez w aterfr o mW uda olin sho w sNa- Ca-HC(力ty pe, s a m e as sprlrlg W aters
at thero otorHu oya n sl-allMo u ntain s, whilethe w ellw ate rs sho w NaS O4type, Whichsl- o w sKarez
ke eptheir w aterqualitybettertha nteh w ellw ate r.
2. Correlationbetween majo r S Olubleio n s
(Na ＋K)- Cl: Mo stofrlV er W ater sir上Xinjiang, c o n centratio n r atios or(Na ＋K)/Cla re m ore than u nity･
T his m e a n sthats ulfate alldc arbo n ateio n s als o c o ntributeto valal-C eWith s odiu m a ndpotas siu miollS･
Especialyil-Tu rpal-Basin, s odiu miol-isprovideda sNa 2S O4that widelyspre ad at the e el-tralEv e 且
orthe ba sil . Co rrespoldto e x ces s(Na ＋K)/Clratio 0[ riv er w aters or lo w e r reache sfr o mTurpal
Basin, (Ca＋Mg)/S O4 ratio s atlo w erre achesshol〃le s sthallunity, a nd otll erW aters OL
I
lo w e r re a ches
are equ al Lullty, Which sugge st, that the river w aters a re.str o ngly arrected dr aln age S oil
salt
cha racteristic s. W hile, at upper reaches, c atio ncol C elltratio ns exceed Cla nd sulfate col C entratioll.
T her e s ults s ugge st thatattlle uppe r re ache s, s odium , pot鮎 Siu rn, c alciulTl al-d m agn e sium a rede rived
not o nlyrr oIT HV aPO rites but also fr o m carbonate or silic ate rocks･ At the uppe r re achesin Turpan
Ba sin , (Ca＋h/1g)/HC(力 riltio is nearlyequ alto ul-ity, whicll S uggest thatlll ain s ou r c es ortheseio l-S
とIr e C aI
･bollale ro t:ks.
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3･ Variatio n o[str on血 mis otopIC C O mPO Sitio n
Variatio n ofstr ontiumis otoplC C OmPO Sitl OnS Or
w aters 甜
-
e ShowrlinFig. 4. Ithas c o n spI C u O u S
r eglOr)al charactedstic s. 87srJ8 6sr ratio s of
w aters Fr o mTu叩a n Basin ba v e也e lo w e st
valtle(O･7 069I 0･7 097), while in crea singly
higher valu es arero und in the Z hu ngarBa sin
(0･7 083-0･7 104), n or血er nand e aste m pa rts of
theTarim Ba sirl(0.7102-0.7 113)atld w e ste m
and so uther n pa rt of
'
Tarim Ba sin(0.7104-
0,7137). Ea ch regio nha s relativ ely c o n sta nt
str o ntiu m is otopI C C OmpOSitiorl. Su ch r egio n al
uniformlty S uggests that str o ndu m is m ainly
deriv edfr o m evapo ri【e min e ralsin s edim entary
ro cks in the m o u ntain a re a a Jld fro m s alt
depositsinthelo w e rdr ainage. Itiskn o w nthat
lo w str o ntiu m is otopIC CO mPO Sitio n co m e s
fr o m carbo rlate r o cks, and str oltium of high
is otopI C C O mPOSitiorlis c aus ed byign e o us or
m eta m o rphic r o cks. T he s o u rc e ofstr ontiu m
oflo wis otopl C C O mPO Sitio nirlTu rpan Basinis
c o n sider ed to be c a rbo n ate ro ck in Bogeda
Mo ulltal n.
In s o uther nTarim Basin, the v ariati o n Of
str o ntiu mis otopIC C O mPO Sitio nis large rtha n
that of other region s (0.7104-0.7 126).
Especially,
87sr/8 6sr ratio s of Yulo ngka shi
Riv e r a rehighest, 0.7130- 0,7137. Thehigh
87sr/86sr r atio s c o uld be du eto the lo cd
s ources
,
so me lgneO u S O r m etam OrPhic r ocks
inhigh m o u ntain ranges oL1{LnlLul Mountai n s.
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4 Tritiu m c ol C e ntr adoll Sini11and w ate rs aro ulld de s ert ar easin Xinjia ng a re cla ssiried illtO thr ee
gr O LIPS･
4-1･ W aters o[ n early ze ro tridu m co n centradon: Gr o ul-d w ater, in cluding w ell w ater and spring
w ater･ Theybelo ngtofo s silw aters or cycled w aterswi dllo ngre sidel C etim e･
4-2･ W ate rs oL
-
hightritillm C O n C entr adoll, m o re-than 5to 17Bq/L=Riv e ryate rs a nd lake w ate rs at
mo u ntain area s･ T he re s ultsindic atethatdleS e W ate rs a re arfected by glacier m elts ofhightritiu m
colCell【1
-
at上oll.
4-3･ Water s, tridum c o nce ntr ado n ofwhich a rebetw e erl gr o ups 1 a nd 2,: Riv er w aters alld s o m e
gro und w ater satlo w attitude are a sL T heya repos siblymi7(tureS Ofbothgro ups･
5. I hlteriu m a nd18oc o nte nts ofinlandw aters
Regio nal distrbudo n orthehydr oge n and o xyge nis otopICr ado sar esho wnin Fig. 5a nd Fig. 6,
whichsho wthatriver w atersfrom Pa mirPlate a uhav elightis otoplCrados, the nincreaslnglyhigher
valu es arefo undinthe Zl-u nga rBasin･ Tu rpa nBasin a ndTarim Basin. T heis otopI C C Or nPO Sidons of
riv erw atersFr o mtheTurpal-Basin a re with inthe e xte nto川- o s efro mTa rim Basin･ Comparl-g with
m ete o ric w ate rsirlTa rirrlBa sin
,
aD valu es orinlald w aters a ren ither c orLSiste ntwithwinterl Or
sulTu TlerPreC IPltatio n･ Tle re s ults s ugge st thatriv er waters a re n otdire cdyre charged byr aill W ate r,
bし1tr e Cba ｢ged bygla cier a nd/o rr o z ellgr o u nd m elt.
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Col Clu sioll
1. RIV er W atersin Xinjia ngsho Ⅵ′ Ca-HC O3type atuppe r re a che sa nd changeinto Na-S O4 aridNa- Cl
type s r efle ctings oilpr ope rtie s a ro u nd riv erdr ain age･
This re s ultis c o n siste nt widlthe c o rr elado nbetw e e n s oluble m ajo rio n s, i･ e･ ･ atthe uppe r r e a ches,
HC(力io n s sho wgo od c o rrelado n with Ca ＋Mgiol-, While at thelo w er reaches, Ca ＋Mg c o rr elate
with S O4io n
2･ S(rontiしLmis otopIC C O mPO Sitio n shave c ol-SPICuOu S reglO n al va riatio n･ Eacl- reglOn ha s relatively
c ollStantis otopic c o mpo sitio n･ Su cll r egl OlalunirormltyS uggeStS dlat Str Olltiu mis deriv ed fr o m
e v apo rite mil-er alsil-S edirneltary r o cksin the rrlOuntail- ar e aa ndfro m s altdepo sits il=helow er
dr血age.
3･ Hydroge n a nd o xyge nisotope c o mposidon sho w thatriv er w atersar e notdire ctlyr e charged by
r aln W ater
,
butby glacier arid/o rFr o z en ground 皿e叱 山er eforethe s e as orlal v ariado n of is otopic
c ompositio nis not s o c on spi c u o u s aS that ofpre clpltation . T he r es ults oftritiu m c onc e ntration or
w aters als o s uggestthat glacie r and/o rfr o ze ngr ourld m elt a reimpo rtarLtS o ur ce Of w aterflo w ordle
basin sinXinjiang.
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